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(57) ABSTRACT

The invention relates to a device and a method for testing a
tank ventilation system with a tank ventilation valve in a
motor vehicle, comprising an engine speed sensor, an air
flow sensor and/or an idle controller for providing an air
mass signal, as well as an evaluating unit, which compares
the changes 1n speed and air masses with at least one
threshold value when the tank ventilation valve 1s opened
and closed. To improve the diagnosis of the tank ventilation
system, 1t 15 proposed that the evaluating unit be designed 1n
such a manner that a total reaction value, which 1s compared
with a threshold value, 1s formed from the engine speeds
when the tank ventilation valve 1s opened and closed as well
as the air masses when the tank ventilation valve 1s closed
and opened.

13 Claims, 1 Drawing Sheet
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DEVICE AND METHOD FOR MONITORING
A TANK VENTILATION SYSTEM

BACKGROUND AND SUMMARY OF TH.
INVENTION

T

This application claims the prionity of Application No.
100 08 189.4, filed Feb. 23, 2000, 1n Germany, the disclosure
of which 1s expressly incorporated by reference herein.

The mvention relates to a device and a method for testing
a tank ventilation system having a tank ventilation valve 1n
a motor vehicle.

It 1s known to open and close selectively the tank venti-
lation valve of a tank ventilation system for testing its
operability. The motor reactions to the opening and closing
ol the tank ventilation valve are then examined, for example,
if the speed and the air mass change when opeming and
closing the tank ventilation valve. In past systems, however,
it 1s only known to compare each operating datum by 1tself
with a threshold value in order to test the operability of the
tank ventilation system.

Depending on how fast an 1dle controller reacts, however,
to the changes made by opening and closing the tank
ventilation valve, different reactions result. In the case of a
slow 1dle controller the result will be predominantly a
reaction in the speed. In the case of a fast idle controller, the
result will be predominantly a reaction in the air mass.
Moreover, all reactions 1n between, where both the speed
and the measured and preset air mass change, are also, of
course, possible. In total, this means that the respective
reaction 1s highly dependent on the application. In the event
that the speed and the air mass change simultaneously, the
amplitudes of each individual signal may vary widely. This

state leads altogether to a poor signal-to-noise ratio.

The object of the present invention 1s to provide a device
and a method for testing a tank ventilation system. The
device and method allow an accurate and flawless test of 1ts
operability independent of the applications of an idle con-
troller.

This and other objects and advantages are achieved by the
testing method and apparatus according to the imvention, in
which each respective individual variable (operating datum)
1s not compared with 1ts own threshold value. Rather the
different changes of the individual variables are combined
into a total reaction, which 1s then evaluated. In the evalu-
ation one can then apply a well-known method of compari-
son with a threshold value.

In the case of the mnventive device and the inventive
method, one may proceed from the hypothesis that in the
case of an 1dling engine the respective air masses and speeds
are approximately proportional (n~ml). One assumes 1n
particular that, when the tank ventilation valve 1s closed, the
quotient resulting from the air mass and speed 1s approxi-
mately constant (ml,: n, 1s approximately constant).

Usually the air mass, which 1s additionally supplied by
way of the tank venftilation valve, 1s not measured or
specified. Therefore, when the tank ventilation valve 1s
opened, more air 1s made available to the engine than 1is
preset by way of the idle controller. Thus, the total air mass
with the tank ventilation valve open 1s derived from the
measured air mass (ml) and the air mass ml.,.,, flowing in

additionally by way of the tank ventilation valve.

In place of an air mass (ml), measured with an air flow
sensor, the preset air mass nominal value (ml_nominal) of
the 1dle controller may also be used as the air mass signal.
This feature 1s especially advantageous 11 the measured air
mass value cannot be resolved finely enough or 11 it varies
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2

too much. Naturally the use of the air mass nominal value 1s
also suitable as the air mass signal when there 1s no air tlow
SEeNnsor.

In an advantageous embodiment, a relative change 1n the
air mass 1s computed from the air mass and the engine speed
when the tank ventilation valve 1s opened and from the air
mass and the speed when the tank ventilation valve 1s closed.
The relative air mass can be calculated, on the one hand,
from a difference of the quotient resulting from the engine
speed for an opened tank ventilation valve and the engine
speed for a closed tank ventilation valve, and, on the other
hand, from the quotient resulting from the air mass with the
tank ventilation valve open and the air mass with the tank
ventilation valve closed.

The methods disclosed in the patent claims are suitable
for operating the device, according to the mvention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic block diagram of an embodiment of
the present invention; and

FIG. 2 depicts a simple method for operating the device,
according to FIG. 1.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic block diagram of an engine 1 with
an exhaust channel 5 and an intake area 3. In the intake area
3 a throttle valve 2 and an air flow sensor 12 are connected
in series. The air flow sensor 12 measures the air mass
moving through an intake channel and sends a correspond-
ing signal to an evaluating unit 14.

In addition, the engine 1 may have a speed sensor 10,
which also sends its speed signal to the evaluating unit 14.
Furthermore, a threshold value 16 may be stored in the
evaluating unit 14.

The throttle valve 2 may be actuated, among other things,
by an i1dle controller 13, which sends an air mass nominal
value ml_nominal, which 1s equivalent to the degree that the
throttle valve 1s open, to the evaluating unit 14.

Furthermore, there 1s a tank ventilation system, of which
in the present drawing only the tank ventilation valve 7 with
a feed channel 6 1s shown. The air, flowing through the tank
ventilation valve 7, 1s fed to the intake area 3 by way of the
feed channel 6. The tank ventilation valve 7 may be closed
or opened (see actuation shown by the arrow).

Depending on the switching state of the tank ventilation
valve 7, there 1s an engine reaction in the form of a change
in the engine speed or air mass or both, flowing through the
intake area 3.

At this stage 1n the present embodiment, the tank venti-
lation system 1s tested in such a manner that first the air mass
ml, and the related speed no are measured with the tank
ventilation valve 7 closed (step 50 1n FIG. 2).

Then the tank ventilation valve 7 1s opened (step 52).

Subsequently the air mass ml and the related speed n are
measured with the tank ventilation valve 7 open (step 34).

Then a total reaction value 1s calculated 1n step 36. In the
present embodiment one assumes that, when the engine 1s
idling, the air mass and the speed are approximately pro-
portional (n~ml). The result 1s that the quotient derived from
the air mass and the speed 1s approximately constant:



Us 7,017,402 B2

H’IZU
—— = coOnstant.
Ly

In contrast, when the tank ventilation valve 7 1s opened,
the result 1s a total airr mass ml+ml,.,, where ml, .,
describes the air flow through the tank ventilation valve 7.

Thus, the result 1s altogether the equation:

mfg mi + mITEF

Lo fl

Following transformation, the result 1s:

ml

- Ly ng

mirey R

mi.;;.

Thus, the quotient resulting from ml . ,/ml, characterizes
the relative change in the air mass. In the present case 1t 1s
also the total reaction value, which describes altogether the
engine reaction.

The tank ventilation valve 7 may be opened 1n an advan-
tageous manner continuously, that 1s ramp-like or step-like.
At the same time the steps 54, 56 and 38 are carried out. IT
one reaches the threshold value in step 58, the tank venti-
lation valve 7 does not have to be opened any further.

Of course, one may also carry out analogously the reac-
tion evaluation from an opened tank ventilation valve to a
closed tank ventilation valve. In carrving out the process 1n
both directions one obtains maximum information from the
selective opening or closing of the tank ventilation valve and
thus concomitant certainty of diagnosis.

With respect to the total reaction value, in the present case
the relative change in the air mass 1s compared with the
threshold value 16. Depending on whether the value exceeds
or falls below the threshold value, one obtains information
on whether the tank ventilation valve 7 and the tank vent-
lation system are functioning properly.

If the air mass signal, coming from the air tlow sensor 12,
fluctuates too much, one can resort to the air mass nominal
value ml nominal, which comes from the idle controller 13
and which 1s used as a substitute for the air mass value ml,
to be measured.

With the present invention, one 1s relatively independent
of an application of the idle controller. Furthermore, one
achieves a better signal-to-noise ratio than with the method
described 1n the imntroductory part of the specification. More-
over, the tank ventilation valve does not have to be opened
far until a specific reaction occurs. Thus, this means less
interruption 1n the 1dle position during a test run. Moreover,
the design of the present method 1s simpler than the origi-
nally applied method, since only one variable, namely the
total reaction, must be applied.

The invention claimed 1s:

1. A device for testing a tank ventilation system with a
tank ventilation valve 1n a motor vehicle, comprising;:

an engine speed sensor;
an air flow sensor;
an 1dle controller for providing an air mass signal; and

an evaluating unit, which compares changes in engine
speed and air mass with at least one threshold value
when said tank ventilation valve 1s opened and closed;
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wherein said evaluating unit forms a total reaction value
from said engine speed and said air mass when said
tank ventilation system 1s opened and closed and com-
pares said total reaction value with said at least one
threshold value.

2. The device of claim 1, wherein a relative change 1n said
air mass (ml,../ml,) 1s calculated from said air mass and
said engine speed when said tank ventilation valve (ml, n) 1s
opened, and from said air mass and said engine speed when
said tank ventilation valve 1s closed (ml,/n,).

3. The device of claim 2, wherein said relative change 1n
said air mass (ml,.,/ml,) 1s calculated, on one hand, as the
difference of quotients from said engine speed when said
tank ventilation valve (n) 1s opened and said engine speed
when said tank ventilation valve (n,) 1s closed, and, on
another hand, said air mass when said tank ventilation valve
(ml) 1s opened and said air mass when said tank ventilation
valve (ml,) 1s closed.

4. A method for testing a tank ventilation system com-
prising:
measuring a first engine speed when a tank ventilation
valve 1s closed (n,);

measuring a second engine speed when said tank venti-
lation valve 1s opened (n);

determining a first air mass when said tank ventilation
valve 1s closed (ml,);

determiming a second air mass when said tank ventilation
valve 1s opened (ml);

forming a total reaction value from said first engine speed
and said second engine speed and said first air mass and
said second air mass; and

comparing said total reaction value with a preset threshold
value.

5. The method of claim 4, wherein a relative change 1n the
air mass (ml-;/ml;) 1s calculated from said second air mass

and said second engine speed when the tank ventilation
valve 1s opened and from said first air mass and said first

engine speed when the tank ventilation valve 1s closed.

6. The method of claim 5, wherein said relative air mass
1s calculated, on one hand, as the difference of the quotients
from said second engine speed when said tank ventilation
valve (n) 1s opened and said first engine speed when said
tank ventilation valve (n,) 1s closed, and, on another hand,
said second air mass when said tank ventilation valve (ml)
1s opened and said first air mass when said tank ventilation
valve (ml,) 1s closed.

7. A device for testing a tank ventilation system with a
tank ventilation valve 1n a motor vehicle, comprising;:

an engine speed sensor;

an air flow sensor;

an evaluating unit, which compares changes 1n an engine
speed and an air mass with a first threshold value when

said tank ventilation valve 1s opened; and
an 1dle controller for providing an air mass signal;

wherein said evaluating unit compares said changes 1n
said engine speed and said air mass with a second
threshold value when said tank ventilation valve 1s
closed, and

wherein said evaluating unit forms a total reaction value
from said engine speed and said air mass when said
tank ventilation system 1s opened and closed and com-

pares said total reaction value with at least one of said
first threshold value and said second threshold value.

8. The device of claim 7, wherein a relative change 1n said
air mass 1s calculated from said air mass and said engine
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speed when said tank ventilation valve 1s opened, and from
said air mass and said engine speed when said tank venti-
lation valve 1s closed.

9. The device of claim 8, wherein said relative change in
said air mass 1s calculated as the difference of quotients from
said engine speed when said tank ventilation valve 1s opened
and said engine speed when said tank ventilation valve is
closed, and said air mass when said tank ventilation valve 1s
opened and said air mass when said tank ventilation valve 1s
closed.

10. A method for testing a tank ventilation system com-
prising:

measuring a first engine speed when a tank ventilation

valve 1s closed;

measuring a second engine speed when said tank venti-

lation valve 1s opened;

determining a first air mass when said tank ventilation

valve 1s closed:

determining a second air mass when said tank ventilation

valve 1s opened;

forming a total reaction value from said first engine speed

and said second engine speed and said first air mass and
said second air mass; and

comparing said total reaction value with a preset threshold

value.

11. The method of claim 10, wherein a relative change 1n
air mass 1s calculated from said second air mass and said
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second engine speed when said tank ventilation valve 1s
opened and from said first air mass and said {first engine
speed when said tank ventilation valve 1s closed.

12. The method of claim 11, wherein said relative change
in air mass 1s calculated as a difference of quotients from
said second engine speed when said tank ventilation valve 1s
opened and said first engine speed when said tank ventila-
tion valve 1s closed, and said second air mass when said tank
ventilation valve 1s opened and said first air mass when said
tank ventilation valve 1s closed.

13. A method for testing a tank ventilation system com-
prising the steps of:

measuring a first engine speed when a tank ventilation

valve 1s closed;

measuring a second engine speed when said tank venti-

lation valve 1s opened;

determining a first air mass when said tank ventilation

valve 1s closed:;

determining a second air mass when said tank ventilation

valve 1s opened;

forming a total reaction value from said first engine speed

and said second engine speed and said first air mass and
said second air mass; and

comparing said total reaction value with a preset threshold

value.
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